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ABSTRACT 



Human embryonic stem (hES) eefe can proliferate extensivelv 
* -rture and can differentiate represematj¥es 
e« c germ layers in vitf0 and h ^ ^ 

hES celis have now been cultured lb, more th W 50 passages 
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In 1998, Thomson ei al' described the first isolation 
of human embryonic stem (hES) ceUs. The hES S 

produced for climcal in vitro fertilization procedures " 
The tnner eel masses were cultured on mouse emb™-' 

omcfeedercelb and were esubhshed as cell li„es,S 
have been propagated as undifferentiated cells in cul 
ure. dona, cell lines have also been established ?5L 

CUkUre '* chEScclllin «^veanormalkan; o 
type and express several markers that are characterSc 
stem cT Cmb, >^^oma and primate emb™ 
stem celk, namely SSEA-3. SSEA-4, Tn-1-60 Tra-1-81 
and Oct y , n addition, the undifferentiated Ss ce! s 
consmunvely express telomere, an occurrence J L 
supportive of the fact that these cells can be « 
m culture indefinitely • propagated 

ate h fmo 3 ^U T™' the ^ lo diffe ™»- 

ate into cells that represent all three germ linear 

X tie h£ V° hTm COmplex or 8 an « d «««. 
When the hES cells are injected into immunocompm- 

mtsed mice, teratomas are observed with evidence of 

orgamzed endodermal, mesodermal, and ectoderrrll 

^ :^ s ? mg m ceik ,hat ^ a » *« 

candle r PenieS ° f hES " 1,s make a strong 
Candida tefor source material to derive specific cell tvS 
for cellular-based therapies for the treatmen of humn 
degenerattve disorders. To enable development of ™h 
cellular-based therapeutics from me hES celk it L im 
portant to show that the hES are stable in cuJre Z 
be grown in vi, ro under conditjons sui{a ^ ^ n 

to P ; D a L fl " n if dUreremlated 8nd manipulated ^ 
«o speafic cell types. In this report, we review result 
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inditing that the hES cells can be stably propagated 
in culture for more than 50 passages. The cells can now 
be grown without the use of mouse embryonic feeder 
layers yet still maintain their ability to differentiate in 
immunocompromised animals and in vitro into cells 
that represent all three germ lineages^ Last, the hES cell 
can be genetically modified both transiently and long 
term, providing methods to engineer the cells for thera- 
peutic applications. 



MATERIALS AMD MFTHftn« 



Maintenance of Undifferentiated Cells 

The HI, H7, H9. and H14 human ES cells were main- 
tained on pnmary mouse embryonic fibroblasts (MEFs) 
in serum-free media.* In brief, hES cells were seeded as 
small dusters on irradiated mouse embryonic fibroblasts 
seeded at about 40,000 cells/cm'. hES cultures were 
maintained in an embryonic stem cell medium (ESM) 
composed or 80% knock-out Dulbeccos modified Ea- 
gle* medium (DMEM) (Gibco BRL, Rockville, MD) and 
20% serum replacement (Gibco) supplemented with 1% 
nonessential amino acids, 1 mM of glmamine, 0 1 mM 
or P-mercaptoethanoI, and 4 ng/mL of human basic 
fibroblast growth factor (hbFGF) (Gibco). Cells were 
expanded by serial passage of the ES colonies. ES colo- 
nies were incubated in 200 ,i/mL of collagenase IV for 
15-20 minutes at 37°C The cultures were then gently 
scraped, dissociated, and replated as small clusters onto 
fresh feeder layers. 

For culture in the absence of feeders, the hES cells 
were collected after collagenase treatment as described 
earlier and seeded at 90,000 to 170,000 cell/cm' into 
Matngel- or laminin (Gibco)-coated plates in condi- 
tioned medium. The conditioned medium was prepared 
from mouse embryonic fibroblasts used before passage 
5 or from NHG190 cells, a G418-resisum, green fluorel 
cent protein (GFP)-positive mouse embryonic cell line 
iransfeaed with human telomerase. MEFs were main- 

X? £ 9 ? % ° MEM (Gibco) - 10% felal b °v™ serum 
(FBS) (Hydone, Logan,UT), and 2 mM of 1-ghnamine 
The NHG190 cells were maintained in the MEF medium 
supplemented with an additional 10% FBS The cells 
were harvested, irradiated with 40 Gy. and seeded at 
55,000 and 38,000 cells/cm' for the MEF and NHG1 90 
cells, respectively. After at least 4 hours, the medium was 
exchanged with ESM (0.5 mL/cm>). The conditioned 
medium was collected daily, supplemented with an addi- 
tional 4 ng/mL ot hbFGF, and used immediately for 
feedmg hES cultures. The conditioned medium can also 
be frozen and thawed. Cells for generating conditioned 
medium were refed with ESM daily and used for 7-10 
days. 

For growth curve determination, replicate wells or 



known numbers of hES cells were established. At various 
time points after seeding, three wells were harvested 
and counted by use of a hemacytometer. Parallel plates 
of unseeded mouse embryonic feeders were counted at 
each timepoint to enumerate the number of feeder cells 
in the cultures. 

Karyotype Analysis 

Karyotype analysis was performed by GTG-banding 
analysis of 20 cells per population at Children* Hospital 
Oakland, CA. ' 

Relative Quantitation by Polymerase Chain Reaction 

RNA was prepared with the QiaGen RNeasy kit. Before 
reverse transcription, RNA samples were digested with 
DNase 1 to remove contaminating genomic DNA Re- 
verse transcription reactions were performed with 500 
ng of total RNA by use of random hexamers as primers 
and Superscript II reverse transcriptase (Bethesda Re- 
search Labs). For quantification of individual gene prod- 
ucts by radioactivity, QuantumRNA Altematel8S 
Internal Standard primers (Ambion) were employed ac- 
cording to the manufacturers instructions. Briefly, the 
linear range of amplification of a particular primer' pair 
was determined, and then those primers were used in 
^amplification reactions with the appropriate mixture 
or alternate 18S primers: competimers to yield polymer- 
ase chain reaction (PCR) products with coinciding linear 
ranges. AmpliTaq (Roche) was preincubated with the 
TaqStart antibody (ProMega) according to manufactur- 
ers instructions before initiation of PCR reactions. Radio- 
actively labeled PCR products were resolved on 5% 
nondenaruring polyacrylamide gels, dried, exposed to 
phospho-image screens (Molecular Dynamics) for 1 
hour, and scanned with a Molecular Dynamics Storm 
860. Band intensities were quantified and normalized 

£l, ,! 8S SigMl by ^ of ,ma geQuant software 
(Table 1). 

Mleroarray Analyses 



All microarray analyses were performed under contract 
with Incyte Microarray services (Fremont, CA). PolyA* 
messenger RNA from undifferentiated ES cultures and 
embryoid body lime course series was prepared as de- 
scribed* and sent to Incyte for probe preparation and 
hybndization to UNIGEM 1.0 microarrays. A complete 
descnpuon of the composition of the UNIGEM l.Oarray 
and methodologies can be viewed at htto//Ww 
genomesystems.com/expTesslon/index.html. Signals less 
than 2.5-fold above background in both Cy5 and Cy3 
channels were excluded from analysis. A balance factor 
was applied to normalize the total signal in the Cy5 and 
Cy3 channels.'' 7 
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STABLE 1 



Alternatel8: 

Gene Primers Competlmers PCR Profile 

OCT-4 Sense 1:4 19 cycles 

5'-CTTGCTGCAGAAGTGGGTGGAGGAA-3' (94° 30 seconds; 60° 30 seconds; 

Ant,sense 72° 30 seconds) 
5'-CTGCAGTGTGGGTTTCGGGCA-3' 

hTERT Sense 1:12 34 cy C | es 

5' '-CGGAAGAGTGTCTGGAGCAA-3' (94 ' 30 seconds; 60* 30 seconds; 

Anllsense 72° 30 seconds) 

5 '-G GATGAAGCGGAGTCTGGA-3' 

Abbreviation: PCR, Polymerase chain reaction. 



hES Differentiation 

Differentiation was induced by the addition of differenti- 
ation agents to monolayer hES cultures ot the formation 
of Ebs. Differentiation of monolayer cultures was per- 
formed by adding 1% dimethyl sulfoxide (DMSO) or 
1 u-M of all trcms-retinoic acid to the media. Embryoid 
bodies were produced by han'esting confluent cultures 
of human ES cells and plating in nonadherent cell 
culture plates (Cosiar) in differentiation medium com- 
posed of 80% KO DMEM (Gibco) and 20% non-heat- 
inacuvated FBS (Hyclone) supplemented with 1% 
nonessential amino acids, 1 mM of glutamine, and 0.1 
mM of 0-mercaptoethanoK Four-day embroid bodies 
were transferred into gelatin-coated plates and main- 
tained for an additional 7 days. The cultures were then 
processed for immunohistochemical analysis. 

Teratoma Analysis 

For teratoma analysis, approximately 5 X 10 6 cells from 
each of the four hES cell lines were injected intramuscu- 
larly into severe combined immunodeficiency disease 
(SGD)/beige mice. Seventy-eight to 84 days after injec- 
tion, the tumors were excised and processed for histo- 
logic analysis. Histologic analysis was performed by 
IDEXX Corp, West Sacramento, CA. 

Flow Cytometry 

Unmodified and iransfected hES cells were harvested at 
confluence using 0.5mM of ethylenediaminetetraacetic 
acid (EDTA) in phosphate-buffered saline (PBS) and 
resuspended at approximately 1 x 10 6 cells/test. Cells 
were washed in a solution containing PBS plus 2% FBS, 
0.1% sodium azide, and 2 mM of EDTA. Staining was 
performed in the same buffer with the addition of the 
appropriate antibodies. The mAB-recognizing SSEA-4 
(MC813, the Developmental Studies Hybridoma Bank, 
University of Iowa, Iowa City) was used at 1:15 to 1:5 
dilutions. Isotype matched controls were obtained from 
Sigma (St. Louis, MO). Cells were incubated with anti- 



bodies in a final volume of 100 uX for 30 minutes 
at 4°C. washed and incubated with a goat anti-mouse 
immunoglobulin M antibody conjugated with phyco- 
erythrin (Southern Biotechnology Associates). Samples 
were washed as before, resuspended in the same buffer 
plus 1 u.g/nnL of propidium iodide (Sigma), and analyzed 
on a FACScalibur Flow Cytometer (Becion Dickinson) 
using CellQuest software. A total of 10,000 Pl-negative 
events were collected per analysis. 



Immunocytochemlstry 

Cultures were fixed Tor 10-20 minutes with 4% para- 
formaldehyde in PBS, washed three times with PBS, 
permeabilized for 2 minutes in 100% ethyl alcohol, and 
washed with 0. 1 M of PBS. Cultures were then incubated 
in a blocking solution of 0.1 M of PBS with 5% normal 
goat serum (NGS, DAKO) and 0.1% Triton X-100 
(Sigma) for at least 1 hour at room temperature. Cultures 
were then incubated in primary antibodies diluted in 
0.1M of PBS with 1% NGS and 0.1% Triton X-100 for 
at least 2 hours at room temperature. The cultures were 
washed in PBS before 30-minute incubation with sec- 
ondary antibodies in the same buffer. 

The primary antibodies used recognized P-tubulin 111, 
1:1000 (Sigma), and alpha-fetoprotein, 1:500 (Sigma). 
The secondary antibodies used were goat anti-mouse 
FITC, 1:128 (Sigma) and goat anti-rabbit TRITC, 1:100 
(Cappel). 

lmmunostaining for cardiac troponin l(cTnl) re- 
quired fixation in methanol/acetone (3:1) at -20°C for 
20 minutes. The cells were then washed two times with 
PBS, blocked with 10% NGS in PBS at 4°C overnight, 
followed by incubation at room temperature for 1 hour 
with a monoclonal antibody against cTnl (Spectral Diag- 
nostic) diluted 1:300 in the primary antibody diluting 
buffer (Biomeda Corp). After washing, the cells were 
exposed to fluorescein isothiocyanate (FITC)-conju- 
gated goat anti-mouse IgG (Sigma) diluted 1:100 in PBS 
containing 1 % NGS at room temperature for 30 minutes. 
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TW..s were then washed againand viewed bymicros- 
Genetic ModlflcalJon of hES Cells 

iayersand geneu«Ilf m S n , Ce * PreSenCC of f " d « 
reagent «£XS S e S 7* ^ 6 (R ° che) 

containing the gene encSSffiS 
tein (GFP) driven h„ T g me ° reen fluorescent pro- 
early gene dZT * < * tome 8«««««nis immediate 

complex, £ ^ wfldi!;^'" 0 " of ^ ^ne-DNA 

V cvr • wnoiso feeders and transduced u<rfna , 
VSV-G pseudoryped retrovirus vector gS>4 
contains both the GFP j ^ ' CRN354 . which 

transferase CneoO «n! i„ "* """^ P hos P h °- 
oased retroviral backbone (Clontech). In this 



vector, the GFP gene is driven by the MSCV lon„ 




Ttee oTS' ^ mo ° !t «"*■)»»* fetdra 

ZtLlZ* *5J."2r f * * 

conditioned by mouse lh!!! „ " medium 
port hES prottEr^h, 7 C WaS USed 10 ^P' 
ulation SSSZ^S^. nUmber ° f P °P- 
number the freoL™ „r ^ ^ lhc P* 5 ^ 
an average doSTl e o P S C and 



*TABIE 2 : 



CellUne 



HI 
H7 
H9 
H9 
H9 
HI 

HI 



H7 



- Dtfra *° n0fhg ^^ 

Growth Suhc*^ 



H7 
H9 
H9 



H9 



H9 
H14 



Feeders 
Feeders 
Feeders 
Feeders 
Feeders 
Feeders to P17 
Feeder free to P20 
Feeders to P17 
Feeder free to P46 
Feeders to P19 
Feeder free to P 32 
Feeders to P15 
Feeder free to P22 
Feeders to P30 
Feeder free to P34 
Feeders to P14 
Feeder free to Pie 
Feeders to P14 
Feeder free to P22 
Feeders to P14 
Feeder free to P43 
Feeders to Pie 
Feeder free to P19 



Number 



Approximate 
Population 
Doublings 



32 
29 
32 
40 
51 
20 

46 

32 

22 

34 

18 
22 
43 
19 
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deviation: hES, human embryonic stem"" 
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Figure 1. Similar results were obtained in seven such 
experiments testing various hES lines in which the dou- 
bling time during log phase growth ranged from 28-50 
hours. 



Gene Expression In hES Cells 

To more thoroughly characterize the hES cells, specific 
gene expression was monitored as a function of differen- 
tiation. Both OCT-1 and hTERT expression were detected 
m all undifferentiated human ES lines examined To 
examine the effects of differentiation induction on OCT- 
4 and hTERT expression, H7 and H9 hES cells were 
exposed to retinoic acid (RA) or DMSO. After 7 days of 
drug treatment, the cellular morphology in the cultures 
changed, with the gradual disappearance of undifferenti- 
ated cells. After 7 days of exposure to either drug, both 
OCT-t and hTERT expression were reduced (Fig 2) 
More dramatic decreases in OCT-4 and hTERT expres- 
sion were observed with DMSO treatment thai were 
consistent with its more rapid induction of differentia- 
tion of the culture. 

To more thoroughly characterize baseline hES gene 
expression, genes preferentially expressed in either the 
undifferentiated or partially differentiated cells were 
idenufied and categorized by microarray analysis. For 
these experiments, differential gene expression analysis 
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FIGURE 1 Growth of human embryonic stem (hES) cells. H9 
hES cells were plated in multiple wells in 24*rell culture dishes 
Cells were harvested at days 2. 4. 6. and 8 of culture and 
enumerated by use of a hemocytometer. Parallel plates of cells 

feede,S WWB alS0 eountefl at each 0me Point to 
establish the contribution of feeders to the overall cell number 
The number of feeders was subtracted from the overall cell nurrv 

'ir" 0 " 1 *- ™ e irra,llate ' , ,eeders *» «* Proliferate 
during the culture period. The doubling time was calculated from 
the slope of the growth curve. 



was performed by contrasting messenger RNAs from 
undifferentiated H9 cultures with that from 2d 4d or 
8d embryoid bodies. In these studies, embryoid bodies 
were either maintained in suspension in differentiation 
medium for 8 days or kept in differentiation medium 
for 4 days, followed by 4 days of treatment with 0 5 jiM 
of retinoic add. The arrays used in these experiments 
include approximately 10,000 complementary DNAs 
selected to represent a large portion of characterized 
human genes. As seen in Figure 3, the differentiation 
of hES cells involves the activation and repression of 
many genes, including expressed sequence tags (ESTs) 
that lack significant annotation. The addition of RA to 
the embryoid bodies had relatively minor effects on the 
gene expression pattern (compare 4d-/4d+ with 8d). 

Genes showing reduced expression during differenti- 
auon include metallothioneins. growth factors (FGF 9) 
secreted cysteine-rich proteins (osteopontin. AGF-BP5 
Cyrfl, connective tissue growth factor), and the selenium 
donor protein selD. In general, the most significant de- 
creases in expression on differentiation occur after 4 
days of suspension culture. The expression of uridine 
diphosphate-glucose phosphorylase and phosphoglucomu- 
Use two genes involved in alpha-d-Glucose phosphate - 
catabolism, are dramatically reduced, suggesting a po- 
tential alteration in glucose metabolism. 

The microarrays used for these experiments did not 
contain the human telomerase gene, although human 
telomerase reverse transcriptase PCR and activity mea- 
surements indicate that telomerase expression decreases 
sigmficamly on differentiation. However, microarray 
analysis did show that differentiation was associated 
with a marked decrease in the expression of TRFJ a 
principal telomere-binding factor, whose expression has 
been correlated with telomere shortening.' Thus, the 
expression of both positive (hTERT) and negative (TRFJ ) 
regulators of telomere length diminishes during hES cell 
differentiation. 

Several genes associated with visceral endoderra and 
early hepatic differentiation (.AFP, apoplipoprotein A-1I 
apoplipoprotein Al regulatory protein-1, al -antitrypsin 
and the a. fl and y gamma chains of fibrinogen) were 
induced within 2 days of differentiaiion; this induction 
is not substantially affected by RA. Of note, no induction 
of cellular retinoic acid binding proteins 1 and 2 
(CRABP1 , 2) was observed in RA-treated cultures, con- 
sistent with a proposed negative feedback loop in which 
retinoids inhibit CRAB I gene promoter activity.' Other 
genes induced by differentiation include pleiotropin and 
midfcine. secreted cytokines with proposed roles as mito- 
gens for neuronal, hepatic, and endothelial cells. « As 
such, these factors may play similar roles in ES cell 
differentiation. The induction or DNA binding proteins 
(homeobox b5 protein, meisJ) likely reflects the central 
role of transcriptional regulators in differentiation. The 
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expression of ihe gpl3G 1L6 receptor, which is essential 
lor transduction of leukemia inhibitory factor CL1F) sic- 
nals » is low-in hES cultures and is induced on different!- 
ation. 



Feeder-Free Culture 

Despite its proliferative effects on mouse embryonic 
stem cell cultures, LIF does not stimulate the in vitro 
propagation of the undifferentiated hES cells (unpub- 
lished data. M. Carpenter, 1999) uo ^ a resuk mouse 
embryonic feeder layers have been required to maintain 
the proliferation or the undifferentiated hES cells To 
improve the ease, reproducibility, and scalability of hES 
culture, methods were developed to culture the cells in 
the absence of feeders. For feeder-free culture, the hES 
cell lmes were plated on Matrigel or laminin in the 
presence or medium conditioned by primary mouse 
embryonic cells or a telomerase-immonalized mouse 
embryonic cell line. Four hES cell lines. HI, H7 H9 
and H14, have been propagated successfully on Mairigei 
m the presence of the conditioned medium. The cells 
maintained a doubling time of 31-35 hours, similar to 
that of the hES cells cultured in the presence of the 
mouse embryonic cell feeders. The hES cultures have 
been maintained for more than 30 passages in the ab- 
sence of the feeder layers and continue to maintain a 
normal morphology and karyotype, as monitored by 
GTG-banding (Table 2). The hES cells cultured feeder 
free continue to express SSEA-4, Tra-1-60, Tra-1-81 
OCT-4 alkaline phosphatase, and telomerase. Finally 
the feeder-free hES cells were successfully cryopreserved 



in ESM medium supplemented with 10% DMSO and 
30% KNOCKOUT SR using a controlled rate freezer. 

Differentiation of hES Cells 

The hES cells propagated in mouse embryonic cell-con- 
ditioned medium maintain their pluripotem potential 
and differentiate into cells of all three embryonic germ 
layers on appropriate stimulation. All or the hES cell 
Hies cultured using conditioned medium and extracel- 
lular matrix factors formed embryoid bodies in vitro 
For further differentiation, the embroid bodies main-" 
tamed in suspension for 4 days were plated on gelatin- 
coated plates and cultured for an additional 7 days 
After differentiation, the cells were fixed and stained 
with monoclonal antibodies to detect lineage-specific 
cells. Figure 4 shows that HI hES cells maintained four 
passages without feeders using conditioned medium and 
were capable of differentiating into tissue representing 
an three germ line lineages. Ectoderm derivatives wen- 
observed by the presence of cells with long, distinct 
processes positive for the p-tubulin III marker (Fig 
4A). Likewise, differentiation of mesoderm tissue was 
detected by the presence of numerous beating structures 
m the culture. These beating cells stained positively for 
cardiac troponin I. indicative of cardiomyocytes in the 
culture (Fig. 4B). Finally, endoderm differentiation was 
observed as large distinct polygonal cells, which ex- 
pressed aipha-fetoprotein (Fig. 4C). Similar results were 
observed on differentiation or the H7 and H9 cell lines 
To determine whether hES cells grown for extended 
penods without feeder cells would differentiate in vivo 
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cells from each of the hES lines were administered by 
intramuscular injection to severe combined immunode- 
ficiency disease/beige mice for teratoma formation and 
analysis. These cells had been grown for a total of 24-29 
passages, the last three to seven of which were in the 
absence of feeders. Each of the cell lines formed terato- 
mas, which were harvested and analyzed 78-84 days 
after inoculation. Histologic analysis of the teratomas 
was completed, and representative photographs are pre- 



sented.nF,gure5. Each of the teratomas was composed 
of complex structures resembling immature tissues of the 
major organ systems of the adult (Figs. 5A and B) Repre- 

senut.vetissx.es of the three germ lineages were observed 
in teratomasfromeachofihehEScell lines. Neuroepithe- 
lial ussue was observed in all of the teratomas, a finding 

that, Sl ndicativeofectodermdifferentiation(Figs.5Cand 
Moreover, mesoderm differentiation was also ob- 
served as dental, cartilage, bone (Figs. 5E and F). and 
muscle tissue (data not shown). Finally, derivatives of the 
endoderm were also present in the teratomas with glo- 
meruli. lrver, and glandular tissue observed in the tera- 
toma sections (Figs. 5G and H). The types of cells and 
structures were similar to those observed from hES cells 
mamtained on feeders. Therefore, consistent with the 
in vitro results, the hES cells maintained in the absence 
of feeder layers remained pluripotent, forming tissues 
01 all three germ layers. 

Genetic Modification of hES Cells 

SL hK ?" S u? n bC S enetical, y ™di"ed both tran- 
siently and stably in vitro (Fig. 6). H9 cells genetically 
modified by use of a plasmid encoding the GFP protein 
and a l.pofection reagent fluoresce green, as observed 
by nuorescence microscopy 24 hou R after transfection 
(Figs. 6A and B). Undifferentiated hES cell transfection 
efficiencies were determined to be 30%-80% as mea- 
sured by flow cytometry of SSEA-4-expressing cells 

°, n ™ f* UanSicm: pten ""orescence was dimin- - 
.shed by 120 hours after transfection. In similar studies 
the hES cells were also efficiently transduced by adenovi- 
rus vectors, with expression diminishing within days as 
the cells continued to proliferate (data not shown). Fi- 
nally h£S cell lines were stably transduced by use of 
VSV-G-pseudotyped. MSCV-based retroviral vectors" 
Transduced, drug-resistant cells were successfully se- 
ected and cultured in vitro. Figure 6D shows results 
irom a drug-resistant, undifferentiated H7 cell line that 
was created by transduction with the neomycin phos- 
photransferase and gfp genes. The stably transfected cell 
line continued to express SSEA-4. and 50%-65% of the 
cells expressed the gfp protein (Fig. 6D). Control cells 
not traduced with thegfrgene did not fluoresce green 
(Fig. 6C). The stably transfected cells continued to ex- 
press gfp after approximately 3 months and maintained 
their abihty to differentiate into all three germ lineages. 
On d.fferem.ation. many 0 r the cells express higher 
levels of gfp. presumably reflecting differential activation 
of the retroviral LTR in multiple cell types. 

DISCUSSIOW 

To realize the full potential ofhuman ES cells, an under- 
standmg of the properties of the undifferentiated stem 
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